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Ekrbicle by D. X, Ltvov, D, S. Cheban and Ya, Ya, Tsilinskiy; Voprosy Virusolozii
Problems of Virology), 17:3:283-287, 1972]

(The authors determine the lower reproduction thresholds of Group A
Arboviruses (Sindbis, castern, western and Venezuelan equina en-
capnalonyelitis) in tissue culture prepared fram chicken embryo
fibreblasts; they also study the efrect of superthreshold temp~
eratures on tho vield of these viruses, For viruces whose areal
inciudea part of the temrerate zone. the lower temmerature threshold
of reproducticn is lower (for the Landtis virus, 159C, and for the
esastern and western tyvpes, 17°) then for viruses distributed in the
equatorial, subequatorial ana trepical zcnes (the threshold for

the Venezvelan virus is 1$°), By raising the incutation temperature
by 19, the yield of viruces was inereased: by 1,C520,02% L1 Jor the
Sindhis, by 1,130,036 17 for the caztorn, UV 1420012 1y tor the
western, and by 1.,62%0,27 lg for the Venezuclin type).
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As is well known, the arboviruses, since they are transmitted by mosquitoes
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are limitcd to certain climatic zones. Sane of them appear predominantly in the
equatorial and subtropical zones (only a few species of this ecological group

may be found in the southern portion of the temperate zone [13]. The present au-
thors earlier advanced the idea that one of the important factors limiting the dis-
tribution of natural foci of the mosquito-trancmitted arboviruses is the lower temp-
erature threshold of roproduction of the vivuses in carriers {4, 5, 8-9]. hecves

and Hamaws (157 havo reported L2% in C2aliformtia the virus of western oquine encepha-

laoyolitis (18) &5 found in Culex tarsalis if the mean daily temperaturse reaches
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3 26,57 or hirher., Thease authors conclude that for effective tranamission of the
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virus by mosquitoes, a minimal threshold of continuons temperature is required,

1né present authors presant the results of a study of the lower temperature
thresholds of reproduction, using a t.ssue culturc of chicken embryo fibroblastse,
A number of Group A arboviruses were studied which are found in variocus climatic

zonea of the world,

Material and methods, Strains of several viruses were used: those

of the eastern and western equins oncephalomyelitis, and the Sinde
bis, all suppiied by the D, I, Ivanovskiy Insti'nute of Virolozy,
USSR Academy of Medical Sciences, These were cultured in a culture
of chicken embryo fibroblasts. The test cultures were infected by
virusas in the amount of 100 bicl. poison units each. The volume
of the innoculate was 0,1 ml, The growth medium (hydrolysate of
lactalbumin with 3% nco-mal ox zerwm) was separated from the cultures v
before introduction of the virus. Adsorption of the virus proceeded
for 1% hours at the cemperature of the test, Wollowing removal of
the wnadsorted v3cus, a supportive medium was added {(medium No 107
with 1% of normal ox serum), and incubation followed at the given

temperature.

Tests for the amount of virus present were made 3 hours following in-
faction ("zero point"), and apain after 95 hours, with the excepticn

of tomperatur=s 27° (after 72 hours) and 36° {after L8 hours), when

cell degeneration bepgan, In overy test, the culture Mquid 1-om 3

culiures was combined, Titration of the virus was conducted by the
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plate mothod, on chicken embryo culture. Ths lower renroduction

threshold was taken as tho tempsrature at which the virus titer

Correlation link between Tomperature of Incubation and
Accumuliation of Virus (biol. sept. units

per 0,1 nl)
5indbi RN EELV . Vilv
Tenp. (©) 3indbis | LBy -
I, L
! o
14 ) 0
15 2.4 0 o g
16 3.3 0 0
RYi 4.8 1.4 1,9 0
18 5,3 1.6 45 oq
12 6.0 3.0 40 2,9
20 7.2 4.3 4.6 :,3
21 8.1 4.9 6.9 .:.? .
7 9,1 7.0 7.4 7.3
23 10,2 9.3 7.6 8.3
s -~ .-
P A 0,449270,05¢° 9,465 0,25 0,94 320,075 0.9%620,18
5- A 49,9 9.4 49.9 99,9
R & 1,050,025 1.2,2002 1,170,036 §.6220,27
'

NOTE: "O" indicatea that the viruses are not reproducing

8 - the coefficient of correlatiom,; 4L, is defined as follows:

,,-1-/,:;‘_‘_;_:_,{’,,_‘_‘,{:@_:,. , where ) (x=-xX)(y~~y) denotes the sur of devia-
e Dy -y °

tions of temperature x and virus yield y, from the mean values of x and
¥, respectively,

b - error of the coefficient of correiation m is definad by the fornmula

a

m e= "‘-‘*I

0 -~ reliability of the coafficient of correlation P (in Z) is defined as
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where t is supplied from a table; for n = 2, ¢+ will corres-

pond to the reliability of the prez:nce of a link (P).

d -~ the coefficicent of regression R 1s defined aa

R R

R e L

Y-

® ~ the arror of the coefficient of rogrsassion m is defined as

in platelset-forming nnits per 0.1 ml in the final test increased
over the "zero point® by not less than & factor of 3, Apart from
low-temperature tnresholds of reproduction, the effect of super-
threshold temperatures on virus yield was determined, The tests
wers run at temperatures of 14-23, 27 and 36°C. Temperature skips

at the tims of the tests did not exceed % 0,1°,

In statistical procesaing of the test resultas, the coefficients of
correlation (r} ani repression (R) were determined by methods des-~
cribed by I, P, Ashmarin {1], I, Reyli [2] and V. Yu, Urbakh [11].
Increase in virus yield with a 1° increnss in temperaturs was de-

toermined graphically, in comnecction with the repression equation,

Results, As 1s evident from the table, rproduction of the Sandbis virus bLe-




7 ¥ TR TR TR R
" TRV T T g > ] AVRIL s DS Y TH T N SRR e e Wt e A G AR A R
BEhrmavail s AL AN A el s e e - ° . * "

gins with 150; that of the Venezuelan eguins encephalanyelitis, and the westerm

and eastern types of equine encephalomyelitis virus, at !70, 17° axd 190, reg-

pectively, For all the viruses, up to a level of 239 there was established a high

degree of direct correlation between temperature rise and virus accurmlation (See
Tablo),
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Yield of viruses e* superthreshold temperatures,

1 ~ Sindbis virus; 2 - western equine encephalo-
myelitis; 3 ~ eastern equine encevhalomyelitis;
&4 = Venezuelan equine oncephalomyelitis

Increase in the incubaticn temperature beyond 23° did not increase the yield

of viruses. Increase in yield with rise of incubation temperature of 19, 1s indicat.

in the sketch on Lhe basia of the regression equation,

In incubating infected cultures at 23° or belew, no cytopathic changes what-
ever were observed in the culture calls at any time during the experiment=, At 27°,
ths cultures degenerated on the third day, and at 37° on the socon day; whlle the
accunulation of virus et the height of the cytepathic effect, &s a rule, was not

greater than that at 230. Av 27 and 36°i the content of Sindbis virus in the liquid
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phase of degenerated cells amounted to 0,1 ml (10,2 and 9,6 1g BSU); that of the
Venazuslan equine encephalomyelitis virus to 8,5 and 8,9 1g BSU; that of the west-
tern equine encepindlanyelitis virus to 9.3 and 10,0 lg B3U; and that of the eant-

ern equine encephalanyelitis ‘rirus to 9.1 and 9.3 1g BSU.

Discussion, Fart of owr object was to establish the minimal temperature at
which reproductiom of the viruses studied begins in a chicken extryo culture, and
to determine as well the increase in virus yield with a 1° rise in temperature, The
data collected show that the reproducticn of the arboviruses studied begins at var-
ious different temperatures, while the temperature thresholds of reproduction cor-
respond to an advance of the areal of this or that arbovixus in o polar direction,
Actvally, the highest temperature threshold of virus reproduction was that for the
eastern equine encephalamyelitis virus, the arsal of which dies not extend beyond
the limits of the cquatorial and subequatorial zunes of South and Centyal America
[i5] (mean temperatures of ’.»-'3270 the year round), Flare-ups and isolated cases
of 1llness frem this virus are met with also in the tropical zone of the American

continent as far as and including southern Floride (mean suwrmer temperature of

~2,%).

The lowsr temperatu e threshol: of reproduction of the Venezuelan and
western equine encephalamyelitis was 2 o. - than fnr thes eastern e, &, virus,
Areals of the first two extend into the southern part of the teanperate zcne of
North America, Accordinz to data of Hess et al, [1371, the area of flare-ups broucht
about by the western equine encephalozxyelitis virus is limited to regions with temp=
erature of > 21°,  As our own analyais showod, the areals of these viruses are lim-
1.ed by a8 iscliemm ITyg()o {v]. Tho lowest of the reproduction thresholds is

that of the Sindbis virus, whose aresal embraces practically the whole of the African




continent, the Near East, and southeastern 4sia [6], In the USSR this virus has
shown up in Azerbaydzhan [10], The use of serological research methods have revealed
the existence of focl on the Volga Delta [3]. In view of the high erological ac-
tivity of the Sindbis virus, in particulaxr its ability to reproduce at temperatures
up to 15°%, one may assume that this representative of the scclogical group of arbc-
viruses, transmitted by mosquitoes, is quite capable of penetrating far within the

bounds of the temperate zone.

As regards increase in the reproduction of tlie viruses studied as a result
¢’ increased temperature, one can say that inciease in virus content in the liquid
phase of cultures with rising temperature (by 1°) is described by the equation of
linear regression. Increasing temperature by 1° (up to 23°) leads to increases in
the virus yield of 1,05 1,62 lg BSU units per 0,1 ml, In future tests it will be.
of interest to clarify the question of the degree to which this increase is asso-
ciated with increase in virus yield per individual cycle of development, and to what

degree it 1s associated with a possible contraction of the cycle,

Of great interest le the fact that with superthreshold temperatures in the
infected cultures, despite a large virue accﬁmulﬂtion, no degenerative changes were
observed. The Group A arboviruses studied are among *hose agents which cause marked
destructive action on cells cultured in vitro, Therefore, the observed absence of
cytopathic changes supports the conclusion that at low temperatures the character

of interrelationships of the virus with the cells changes substantially,

Thus, analysis of the results indicates a link between the dissemination of
a number of mosquito-tranamitted arboviruses toward the poles and their ability to

reproduce at relatively low temperatures, Tne data obtalned may help in campiling
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prognoses for the arboviruses studied, in connection with specific territories.
However, in constructing megnoses, of particular importance are data on the rela-
tiomnship bstweon the external incubation period of ths viruses in carriers, and
temperature, This particular subject, aid also the reproduction thresholds of
viruses grown on various cell cultures, including the cells of the Arthropoia,

will be dealt with in a futurs comaunication,
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